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COLOUR BY SAYBOLT CHROMOMETER 

(P:14) 

Adapted from ASTM Designation: D 156-53 T 



1. SCOPE 

1.1 This method is intended for the determination of colour of refined oils 
such as undyed motor and aviation gasoline, jet propulsion fuels, naphthas, 
and kerosine, and, in addition, petroleum waxes and pharmaceutical white 
oils. 

2. TERMINOLOGY 

2.0 For the purpose of this method, the following definition shall apply. 

2.1 Saybolt Colour — A number related to the depth of a column of 
material, the colour of which is compared with specified glass standards. 
The raage of numbers is +30 (lightest colour) to —16 (darkest colour)^ 

3. OUTLINE OF THE METHOD 

3.1 The height of a column of sample is decreased by levels corresponding to 
colour numbers until the colour of the material is unmistakably lighter 
than that of the standard. The colour number above this level is reported, 
regardless of whether the material was darker, questionable, or a match 
at the higher level. 

4. APPARATUS 

4.1 The Saybolt chromometer, illustrated in Fig. 1,. consists of sample and 
standard tubes, optical system, light source, and colour standards. The 
different parts of the chromometer are described in 4.1.1 to 4.1.10. 

4.1.1 Oil Sample Tube — For testing liquids, use a No. 7740 Pyrex 
glass tube, or its equivalent in colour characteristics {see Note 1), having an 
inside diameter of not less than 16*5 mm nor more than 17'5 mm, and an 
outside diameter of not less than 21*25 Jiim nor more than 22-75 mm. Close 
the tube at the bottom with an optically clear piano glass disc 6-25 mm 
thick, free of striations and scratches. The tube shall be 508 to 510 mm 
long from the upper surface of the piano disc to the top oflhe tube. Mount 
the tube and disc in a suitable metal collar provided with a petcock to 
permit controlled drainage of the tube {see Fig. 1). Construct the collar 
in a manner that permits removal of the glass disc for cleaning. Etch at 
intervals of every 25-4 mm a line completely around the tube starting at 
a point which will be 50*8 mm above the top surface of the piano disc when 
the tube is in the collar : number these lines consecutively 2 to 20 starthxg 
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Fig. 1 Saybolt Chromometer and Artificial Daylight Lamps 



with the lowest ring, 
divisions. 



Graduate each 25*4 mm interval into 8 equal sub- 



NoTE I • — The condition and the colour of the glass tubes shall be such that no colour 
difference is observed between the plain tube and the oil tube when the tubes are empty, 
or when the oil tube is filled with distilled water. Comparisons shall be made with the 
tubes positioned in the instrument in the manner described in 5. 

4.1.2 Wax Sample Tube — For testing petroleum waxes, use an oil tube 
that meets the requirements given in 4.1.1 and that has a 60-W heater 
evenly distributed over its entire length, as shown in Fig. 2. Alternative 
means may be used for keeping the wax in a liquid state and providing a 
means of readability of the graduated scale. 

4.1.3 Plain Tube — Use a No. 7740 Pyrex glass tube or its equivalent 
in colour eharacteristlcs (see Note 1), 483 mm long, meeting the diameter 
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Fig. 2 Saybolt Chromometer Tube Heater 



specifications given in 4.1,1 and open at both ends, with one end mounted 
in a suitable metal collar. The overall length of the tube and collar, as- 
sembled, shall be 516 to 518 mm. The collar provides a place to locate 
the colour standards and a black metal diaphragm with a circular aperture 
12 mm in diameter in the optical field 

4.1.4 Tube Assembly — Mount the tubes securely in a vertical and central 
position with respect to the op^tical viewer. Cover the upper ends of the 
lubes with removable diaphragmed metal caps about 25 mm in length. 
The caps shall be of sufficient diameter to slip easily over the ends of the 
tubes. The aperture in the diaphragm of the cap shall be 14 mm in 
diameter. 

4.1.5 Optical Viewer — Provide the chromometer with a suitable optical 
viewer head consisting of prisms and an eyepiece containing a lens. Provide 
prisms of a suitable form, matcljed in their refracting angles and areas, 
and so mounted as to avoid the possibility of disarrangement. Arrange 
the prisms so that the light rays passing through the tubes are deflected into 
an optical head and may be viewed by the eyepiece. The arrangement 
»hltt be such as to provide a C/ircular field of vision free from distorti<*n and 
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p<mxikax {sei Note 2), one-half of which is illuminated by the light trans- 
mitted by the sample, and the other half by the colour standard. 

NoTZ 2 — An adapter (see Fig. 3) may be used to locate the light rays passing up 
through the centre ol the eyepiece. The adapter consists of a metal collar of such dia- 
meter as to fit the outside oiameter oi the eyepiece closely. It is approximately 50 mm 
long, and closed at one end with a metal diapnragm having a centrally located aperture 
approximately 2*5 mm in diameter. 




^5 0(A APPIK>X 




All dimensions in millimetres* 
Fio. 3 Adapter 



4*1.6 Illumination — Arrange for the light to be transmitted through 
the tubes by means of a reflecting mirror of either white opal glass or clear 
glass, with a uniform coating of untarnished silver on one surface. Tix 
the mirror at a suitable angle, and so arrange it that reflected light of equal 
intensity of radiation will pass through the tubes in parallel rays. Alter- 
natively, diffused light may be projected directly up through the tubes from 
the base of the instrument. 

4.1.7 Light Source — For the light source, use an artiftcial dayflght lamp 
so arranged as to project a diffused light up through the tubes. The diffused 
light shall be free of glare or shadbws. Interfering light from all other 
sources shall be excluded. 

4.1.8 Colour Standards — The whole colour standard and the half colour 
standard shall be of such colorimetric characteristics that the trilinear 
co-ordinates x, y and -c, and the luminous transmission T^, when calculated 
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from the spectral transmission data using the 1931 ICI (International Com- 
mission on Illumination) Standard lUuminant C, are as shown in Table I. 
It is convenient, but not necessary, to mount the glasses in a tumet within 
the collar mounted on the plain tube. 



TABLE I CaHARACiTERISTIGS OF COLOUR STANDARDS 


Colour 
Characteristic 


(Clause 4A.B) 

Limits 


with 


Whole Colour 
Standard 


One^half Colour 
Standard 


r. 


0-860 to 0-865 


0-888 to 0-891 


X 


0-342 „ 0-350 


0-327 „ 0-33) 


y 


0-367 „ 0-378 


0-344 „ 0-350 


z 


0-272 „ 0-291 


0-319 „ 0-330 



4.1.9 Lamp — Use a lamp bulb rated at 60 W. It shall be constructed 
of clear glass, inside frost finish, and shall be rated at approximately 13 
lumens per watt and 2 750** Kelvin colour temperature. Attach to a 
standard socket reflector, hemispherical in form {see Fig, 1), the interior 
surface of which is finished with a brilliant aluminium bronze powder, 
free from mica and other adulterants, and applied with a heat-resistant 
bronzing liquid sprayed uniformly over the surface. This finish shall be 
such as to be free from selective absorption, and have an initial Teflectiyity 
above 65 percent. 

4*1 M Daylight Filter Glass {see Note 3) — concave-convex in form, 
and dust-tight. It shall fit closely over the opening in the hemispherical 
reflector {see Fig. 1 ) . The glass filter shall be finished on its concave surface 
by sand-blasting and acid-smoothing or fortifying. An acceptabk daylight 
filter shall possess such characteristics that the trilinear co-ordinates {Xy y 
and -c) and the luminous transmission T^,, when calculated from the spectral 
transmission data using the 1931 lOI Standard lUuminant A, are as shown 
in Table 11. 

Note 3 — A spcctrophotometric test of an acceptable filter should indicate a trans- 
mission of radiant energy not less than 60 percent at 410 m/i, with a smooth curve down 
to a transmission below 10 percent at 700 m/i. This curve, furthermore, should not 
have the pronounced hump that Js characteristic of excess cobalt. The typical cobalt 
curve has an increased transmission at a wavelength of 570 m/i above a straight line 
drawn between the points 540 and 590 mjn, and also a transmission band in the red for 
¥ravelengths of 600 mu and greater. This variation in an acceptable filter shall not, 
at 570 iQfi, exceed 003 above the straight line drawn between 540 and 590 m^, nor 
shall the transmission for wavelength 700 mix exceed the transmission for any shorter 
wavelength, such as 600 iiv<« by more than 0*03. 
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TABLE n CHARACTERISTICS OF DAYUGHT 


(Ciause^AAO) 


Colour 
Characteristic 


LiMtTS 


X 

y 

z 


0107 to 0160 
0-314 „ 0-330 
0-337 „ 0-341 
0-329 „ 0-349 



5. STANDARDIZATION OF APPARATUS 

5.1 Remove the glass disc from the bottom of the oil sample tube. Clean 
the disc, oil sample tube, and plain tube. When deposits are not removable 
by wiping or sob cnt rinsing, wash with soap and water. After cleaning, 
rinse with distilled water and with acetone or some other suitable solvent, 
and dry. Assemble the oil sample tube, and position the tubes in the instru- 
ment. Using the specified light source and illumination, observe the com- 
parative light intensity of the two-halves of the optical field, with both tubes 
empty, and withihe l2-mm diaphragm removed from under the plain tube. 
The intensity of light observed in each half of the optical field shall be the 
same. Adjustment in the position of the light source may be necessary to 
achieve this match. Replace the 12-mm diaphragm under the plain tube, 
and fill the oil sample tube to the sample tube division 20 with distilled 
water. The intensity of the light observed in each half of the optical field 
shall be the same, for the instrument to be judged satisfactory for use. 

6. PREPARATION OF SAMPLE 

6,1 If the material is turbid, filter through a sufficient number of qualitative 
filter papers (Whatman No. 4 or equivalent) until it is clear. 

€•2 When preparing paraffin wax for testing, do not heat excessively, 
because oxidation may occur with consequent discolouration of the sample. 

7. PROCEDURE FOR REFINED LIGHT OILS AND 
PHARMACEUTICAL WHITE OILS 

7.1 Flush the oil sample tube with a portion of the sample, taking care to 
allow the tube to drain thoroughly. Fill the oil tube with the material 
(5^^7.1.1) and compare witha whole colour standard. If the material is lighter ' 
than the colour standard, remove the standard and replace it with a half 
standard. If the sample is darker than the single whole standard at sample 
tube division 6*25, add another whole standard. 

7.1.1 It is important that all materials in the colour tube be free from ain 
bubbles. 



IS t 1448 (P:14] -1960 

7.2 With the proper colour standard or standards in place, and the material 
in the oil sample tube at a level where its colour is decidedly darker than that 
( of the colour standard, draw off the sample slowly by means of the petcock 
until the oil appears just slightly darker than the colour standard. From 
this point, draw the sample level down to the nearest depth corresponding 
to colour number as shown in Table III. If the colour of the oil observed 



TABLE in SAYBOLT COLOURS CORRESPONDING TO DEPTHS OF OIL 

{Clause 7.2) 



Number of 
Colour 

Standard 


Depth of Oil, in 

Sample Tube 

Division 


Colour 
Number 


Number of 

Colour 

Standard 


Depth of Oil, in 

Sample Tube 

Division 


Colour 
Number 


One-half 


20-00 


+ 30 


Two 


600 


+ 6 


One-half 


l«-00 


+ 29 


Tu'o 


5-75 


+ 5 


One-half 


16-00 


+28 


Two 


5-50 


+ 4 


One-half 


14 00 


+ 27 


Two 


5-25 


+ 3 


One-half 


1200 


+26 


7Vo 


5*00 


+ 2 


One 


2000 


+25 


Two 


4-75 


+ 1 


One 


18-00 


+24 


Two 


4-50 


+ 


One 


16-00 


+23 


Two 


4-25 


- 1 


One 


14-00 


+22 


Two 


4-00 


- 2 


One 


12-00 


+21 


Two 


3-75 


- 3 


One 


10-75 


+20 


Two 


- 3-625 


- 4 


One 


9-50 


+ 19 


Two 


3-50 


- 5 


One 


8-25 


+ 18 


Two 


3-375 


- 6 


One 


7-25 


+ 17 


Two 


3-25 


- 7 


Oi^ 


6-25 


+ 16 


Two 


3-125 


- 8 


Two 


10-50 


+ 15 


Two 


3-00 


- 9 


Two 


9-75 


+ 14 


Two 


2-875 


-10 


Two 


900 


+ 13 


Two 


2-75 


-11 


Two 


8-25 


+ 12 


Two 


2-625 


-12 


Two 


7-75 


+ 11 


Two 


2-50 


--I3 


Two 


7-25 


+ 10 


Two 


2-375 


-14 


Two 


6-\5 


^- 9 


Two 


2-25 


-15 


Two 


6-50 


+ 8 


Two 


2-125 


-16 


Two 


6-25 


+ 7 
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through the eyepiece is stiH darker than the colour standard, draw the oil 
down to the next depth given in Table III, and compare. Continue thi^ 
operation until a depth is reached where the sample and colour standard 
match or show questionable differences (see 7.2.1). At this point, lower 
the oil column to the next specified depth and, if the oil is unmistakably 
lighter than the colour standard, record the colour corresponding to the 
next higher level as the Saybolt colour. 

7.2.1 Experience in the use of this instrument will obviate th(x necessity 
of following the step-by-step procedure outlined in 7.2 for choosing the 
proper colour standards for each sample. Examples of the procedure arc 
given in Table IV. 



TABLE IV EXAMPLES OF PROCEDURE 

Observation 



Oil darker at depth of 
Oil darker at depth of 
Oil questionable at depth of 
Oil lighter at depth >of 
Say holt colour 



Using One Whole 
Colour Standard 

16 divbions 
14 divisions 
12 divisions 

10-75 divisions 

+ 2! 



Using Two Whole 
Ck)LOUR Standards 

4-5 divisions 

4-25 divisions 

4-00 divisions 

3-75 divisions 
- 2 



8. PROCEDURE FOR PETROLEUM WAX 

8.1 Heat the wax sample to 8-5 to 17°C above its melting point. Preheat 
the oil sample tube. Pour the liquid wax into the oil sample tube; turn the 
heating elements off, and, after the heat .waves in the sample are no longer 
noticeable, obtain the required readings as directed in 7, 

9. REPORTING 

9.1 Report the recorded Colour units as Saybolt Colour and, if the sample 
has been filtered, add the words '(sample filtered)'. 



10. PRECISION 

10,1 Results of du]>!icaic tests shall not differ by more than the following 
amounts: 

Repeatability Reproducibility 

1 colour unit 2 colour units 



